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anglogramsof whom all had significant coronaty disease (CAD). Of 209
pts without /.SC,35 had angiograms but only 8 had no CAD. Sensitivity of
SMX-DbE was &/o and specificity 100%.
After exclusion of 5 pts lost to follow-up (2%) and 7 pts with revascu-
Iarization (RVS) within 3 mos of DbE, 243 pts were followed over 2 years.
Cardiac death occurred in 20 pts, 45 had infarction or unstable angina and
12 required late RVS. No cardiac events occurred in 188 (68%). While ISC
at DbE was predictive of outcome, the event-rate of a negative DbE was
greater than in unselected groups;
ISC+ (n = 42) ISC– (n= 201) P
Death (n= 20) 8 (19%) 12 (6%) 0,01
Totaleventa(n = 77) 20 (48%) 27 (28%) <0,001
Conclusions.’ In comparison with reported accuracy and prognostic data
in unselected groups, SMX-DbE shows; 1) a low sensitivity for CAD, and
2) less ability to predict favorable outcome. Negative SMX-DbE should be
considered non-diagnostic.
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704-5 Intracoronary Dobutemine Echocardiographyto
Evaluate Multivessel Coronary Artery Disease
J.S. Cohen, A.K. Jacobs, T. Noonan, P.Pearson, R. Davidoff. Boston
Medical Centefi Boston, MA, USA
We have shown that intracoronary (IC) infusion of dobutamine proximal to a
stenosis can elicit echocardiographic changes, consistent with ischemia, in
patients with single vessel disease (VD). To determine whether this on line
functional assessment of individual stenoses is applicable to patients with
multivessel disease, we studied 10 stenoses in 7 patients with 2 VD (>70%
stenosis). Heatt rate (HR), syetolic blood preseure(SBP), diastolic pulmonary
pressure (PAD) and two.dimensional echocardiograms (2DE) were obtained
during graded subselective IC infusions of dobutamine (5-100 pglmin) until
contractile dysfunction was detected in tha region stimulated by dobutamine.
Blinded analysis of the 2DE was performed utilizing 16 LV segments and a
wall motion score (WMS) ranging from 1 = normal to 4 = dyskinetic. A wall
motion index (WMI) wae derived as the average WMS for each coronary
distribution.
The mean % stenosis was 79.5 + 3.4. The wall motion in the stimulated
territory had a biphaeic response with initial improvement and subsequent
deterioration at higher doses of dobu!amine.
HR (blm) SBP (mmHg) PAD (mm Hg) S WMI NS WMI –
Baseline 62* 2 132 *7 16+ 1 1.1 * 0.1 1.1 +0.1
Peak 61 %4 133 %7 14+2 1,6 + 0.2 1.2+ 0.1
p value 0,53 0.55 0.07 0,0007 0.26
The stimulated (S) WMI rose from baseline to peak dobutamine dose by
0.70 + 0.17, consistent with the induction of ischemia. in the non stimulated
(NS) territory perfused by the 2nd stenosis, the WMI did not change (p =
0.002 Vss).
Conclusion: In patients with 2VD, IC infusion of dobutamine proximal to
a stenosis, does not alter hemodynamics and induces ischemic contractile
dysfunction exclusively in the S region supplied by the artery without affecting
regions supplied by another significant stenosis. This method holds promise
as an on-line assessment of the functional significance of an individual
coronary stenosis in patients with multivessel disease undergoing diagnostic
catheterization or percutaneous revascularization.
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were supplied by totally occluded vessels compared to 35% (13/37) of aegs
with PI (p e 0.001). Thirty-eight percent (22/58) of segs with TI were supplied
by arteries with complex lesions, compared to70% (26/37) of segs with PI (p
< 0.005). Patients with multivessel disease had 22% (13/58) of the segs with
TI and 45% (16/37) of the segs with PI (p < 0.025). Conclusion: Compared
to segments with Tl, segments with PI following DSE are more likely to be
supplied by vessels with total occlusion or complex lesions and occur more
frequently in pts with multivessel coronary artery disease,
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~705-1 I Thr*Dimension., ~~ho~rdiQ9r~PhY,mProves
Sensitivity and Specificity of Electrocardiographic
Criteria For Detection of Left Ventricular
Hypeftrophy
AS, Gopal, D. Roychoudhury,T. Thakur, S. Rae, D.L. King, Z. Shen,
M. Lipkowitz, A. Benis, A. Gharavi, R. Philtlps. Mt. Sinei Medice/Centec NY
USA
Badrground:Thesensitivity/specificity of electrocardiographic (ECG) criteria
for detection of Ieftventricular hypertrophy (LVH) have often been determined
by ID echo ,methods of calculating LV mass that rely on geometric and
image position assumptions. Recent data suggest that 3D echo estimates
of LV mass which eliminate these assumptions are more accurate and less
variable than the ID method.
Purpose: To compare the sensitivity (SNS), specificity (SPC) of some
ECG criteria relative to LV mass by ID, 2D and 3D Echo.
Methods: 21 hemodialysis patients (6 M, 15 F; 11 African-American, 8
Hispanic, 1 Asian, 1 Caucasian; ages 22–79) underwent 12-lead ECG and
3D Echo (K3 Systems Inc.) with a free-hand scanner (Acuson 128 C/F)
using an acoustic.spatial locater, line of intersection display, and 8-9 shori-
exis images. Myocardial mass computed from epicardial and endocardial
volumes and indexed to BSA was correlated to several ECG criteria. LVH
was defined as >104 g/m2 in women and >118 O/mz in men as established
by the anatomic validation of Devereux et al. Resu/ts:
Criteria ID Echo 2D Echo 3D Echo
SNS SPC SNS SPC SNS SPC
CornellProduct 0.60 0.55 0.67 0.63 0.60 0.64
Sokolow-Lyonvoltage 0.30 0.73 0.33 0.75 0.40 0.62
Estes PointScore 0.90 0.73 0.75 0.75 0.90 0.82
12-lead voltaae 0.40 0.60 0.42 0.75 0.40 0.73
12-lead procl;ct 0.20 0.64 0.25 0.63 0.40 0.62
Conckrsions: 1) The sensitivity/specificity of ECG criteria improve along
with impmved accuracy and reliability of echocardiographic measurements
of LV mess. Thus, 3D Echo provides the greatest improvement and 2D Echo
values are of intermediate sensitivity and specificity between ID and 3D
Echo values 2) An Estes point score of 24 had the best sensitivity/specificity
in this small Africen-Americart/Hispanic hemodialysis patient population.
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704-6 Persistent Ischemia Following Dobutamine Stresa m7052 Reproducibility and Day to Day Variabilities of
Echocardiography: An Angiographic Correlation Three-dimensional Echocardiography for Left
A.F. Sonel, D. Segar, H. Feigenbaum, R. Kovacs, p. Brennaman,
Ventricular Volumes and Ejection Fraction
S. Sawada. Krannefl institute of Cardiolog~ Indianapolis, Indiana, USA
Calculation With Comparison to Magnetic
Resonance Imaging
The clinical significance of persistent ischemic wall motion abnormalities in
the recovefy period following dobutamine stress echocerdiography (DSE) is
unknown. We studied 375 consecutive patients (pts) undergoing DSE (Mean
Age 59, 168 males, 207 females). Dobutamine was given up to a maximal
dose of 50 @/k@min. Echocardiographic images were obtained at rest, low
dose (5 or 10 wg/kg/min), peak doee and 6 minutes into recovety. There
were 33 pts with ischemia who underwent corona~ angiography. Thirteen
patients had segments (segs) with transient ischemia (Tl) that resolved by
6 min into recovety. Twenty pts had segs with persistent ischemia (Pi) that
did not resolve by 8 min into recovery. A total of 95 ischemic segs were
identified. The location of ischemia was correlated with the angiographic
results. Patients with TI had 2.6+ 0.6 ischemic segs compared to 3.3 + 1.5
ischemic sags in pts with PI (p =-0.1). Seven percent (4/58) of segs with TI
Y.F,M.Nosir, M.H. Lequin, J.D. Kasprzak, W.B. Vletter, A. Dall’Agata,
J. Stoker, R.T.vanDomburg, P.M. Fioretti, J.R.T.C. Roelandt. Tfroraxcenfer
and Erasmus Universit~ Rotferdam, The Netherlands
Our aim was to assess the reproducibility and day to day (DD) variabilities
of three-dimensional echocardiography (3DE) for calculating left ventricular
volumes (LVV)and ejection fraction (EF). Observer variabilities of 3DE were
compared with values obtained by magnetic resonance imaging (MRI).
Methods: (A) 15 normal volunteers, and (B) 23 patients with reduced
LVfunction underwent precordial 3DE using rotational acquisition technique
(2-degrees intervals with ECG and respiratory gating), and MRI at 0.5T mul-
tislice multiphase ECG-triggered TI weighted fast field echo. End-diastolic
(ED) and end-systolic (ES) LVVand EFwere calculated using Simpson’s rule
JACC February 1997 ABSTRACTS - Orid 57A
by manual endocardial tracing of 8 equidistant parallel LV short axis slices
for 3DE, while for MRI 9-mm slice thickness was used. Data were analyzed
by two independent observers and the first observer analyzed the data twice
with one week interval. A second 3DE acquisition was petiormed after one
week for DD variability.
Resu/ts: The mean + SD of ED- and ES-LVV (ml) and EF (%) for MRI
were (113 & 16, 47 i 6 and 58 *5) and (225+ 70, 168 +64 and 27 + 12),
while for 3DE were (110+ 16, 47A 6 and 60.5) and (226* 65, 171 +63 and
25 + 11) for A and B groups, respectively. Variabilities of both’ techniques
expressed by SEE% (tabla).
3DE MRI
EDV ESV EF EDV ESV EF
Intra.SEE A 3.0 5.1 3.4 6.5 6.4 3.3
B 3.3 3,1 0,6 3.9 3.2 1.2
Inter.SEE A 6.6 6.6 5.6 10.6 7.5 9.6
B 3.9 2.5 0.9 15.2 14.7 2.0
DD SEE A 3.4 1.4 2.3
B 1.5 1.0 2,7
CorrchJsiorw.’3DE has a small intra- and interobserver as well as day
to day variabilities for LVV and EF calculation in both normal subjects and
patients with impaired LV function. Observer variabilities of 3DE are at least
similar to that of MRI for LVV and EF calculation in both A and B groups.
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El7053 Left Ventricular Ejection Fraction in Patients WithNormai and Distorted left ventricular Geometry:
Three-Dimensional Echocardiography Versus
Bipiane Modified Simpson’s Method With
Comparison to Radionucilde Angiography
Y.F.M.Nosir, W.B. Vietter, R.T.vanDomburg, A. Salustri, R. Frowijn, J. Tjoa,
A.E.M. Reijs, P.M. Fiorefti, F.J.Ten Cat@,J.R.T.C. Roelandt. AZR,
Thoraxcente( Rotterdam, The Netherlands
Our aim wastocompare Ieftventricular ejection fraction (LVEF)calculated by
three-dimensional echocardiography (3DE) and biplane modified Simpson’s
method (BMS) with values obtained from radionuclide angiography (RNA).
Methods: 29 unselected patients referred for RNA underivent precordial
3DE using rotational acquisition of 90 cut-planes with ECG and respiratory
gating. From the volumetric dataset LVEF was calculated by, (a) 3DE using
Simpson’s rule at 3-mm slica thickness and (b) biplane modified Simpson’s
method (BMS) using two orthogonal apical long axis views. Patients were
divided into three groups, (A) 12 patients with segmental wall motion abnor-
malities (WMA), (B) 6 patients with LV global hypokinesis (GH) and (C) 11
patients with normal LV wall motion (N). Obaerver variability was calculated
for all techniques.
Results: Mean + SD of LVEF calculated by RNA, 3DE and BMS were 39
+ 20, 38 * 19 and 38 * 19, respectively. There were excellent correlation
between LVEFcalculatacf by both 3DEand BMSand values obtained by RNA
(r= 0.99 and 0.97), respectively.The limits of agreement tended to be closer
between 3DE and RNA (–8.8, +7.2) (P= 0.7) than between BMS and RNA
(-8.3, +9.7) (P= 0.5). The intraobsetverand interobservervariability of RNA,
3DE and BMS for calculating LVEF were (0.8 and 1.5), (1.3 and 1.8) and
(1.6 and 2.6), respectively.There were better correlation for LVEFcalculation
between 3DE and RNA in A, B and C subgroup (r. = 0.99, 0.99 and 0.83),
than between BMS and RNA (r. = 0.93, 0.97 and 0.77), respectively. There
were closer limits of agreements between 3DE and RNAfor LVEFoalculation
in A, B and C patients subgroup {(–3.5, +5), (–8.4, +5.6) and (–7.8, +8.6)},
than that between BMS and RNA {(–8.1, +10.7), (–11.9, +9.3) and (–9.1,
+11.3)), respectively.
Conclusions: 3DE has better correlation and closer limits of agreement
than BMS with RNA for LVEF calculation particularly evident in patients
with segmental WMA and GH (group A and B). 3DE has similar observer
variability of RNA. Therefore we recommend to use 3DE for serial accurate
LVEFcalculation of cardiac patiants.
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m7054 Rapid image Acquisition and Automated
Determination of Left Ventricular Cavity Boundary
for Preciae and Accurate Voiumetry by Ciinical
Three-Dimenaionai Echocardiography
M. Belohlavek, J.B. Seward. Mayo Clhricand Mayo Foundation, Rochestec
Minnesota, USA
Data acquisition forthree-dimensional (3D) echocardiography is usually time
consuming. Clinical ultrasound images of the left ventricle (LV) are ueually
hampered by noise and signal attenuation causing dropouts in the LVendo-
cardial boundaty. We have developed a quick image acquisition technique
that allows collection of serial tomograms within approximately 6 seconds,
The resulting data set is suitable for gross-anatomical 3D reconstruction of
the LV.A trainable computer algorithm, involving neural network techniques
that gain knowledge about LV shape from expeti outlines, has been devel-
oped to automatically map endocardial surface using spatially located nodes
(vertices), The objective of this research was to test precision and accuracy
of the method in artifact-prona clinical 3D echocardiograms, Expert endocar-
dial outlines in serial echocardiographic images from 11patients with various
LV geometries were used for training of the computer 3D neural network
algorithm. Another group of 10 patients with echocardiograms containing
noise and image dropouts was used to test the performance of the system,
The knowledge-based computer system appropriately identified endocardial
surface ifl VWiOUS, attifati-prOne echocardiographic images. Estimated LV
diastolic and systolic voiumes were compared to those calculated from ex.
pert outlines. The comparison showed correlation coefficient >0,96 at p <
0.001, standard deviation < 4z5.75ml, root mean squared error <6.08 ml,
negative bias <2.4 ml, and variability <6.46%. In conclusion, rapid image
acquisition is clinically feasible and the knowledge-based, 3D endocardial
surface recognition technique (“a trainable computer expert”), which capital-
izes on 3D relationship of nodes, provide precise and accurete assessment
of LV volumes in patients with various LV geometries,
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1705-51Three-Dimension~i~~h cardiO~raPhYbYRaPidFree
Scsnning From Muitiple Trenathorscic Windows
D. Leofta, B. Munt, M. Legget, R. Martin, X.-N. Li, E. Bolson, T. Zwink,
C. Kraft, G. Bsshein, M. Sivarajan, C. Otto, F.Sheehan. UniverWyof
Washington, Seaftfe, WA, USA
Three-dimensional (3D) echocardiography has recently been shown to im-
prove the accuracy and reproducibility of estimates of left ventricular (LV)
mass and volume. However, accuracy of 3D cardiac reconstructions can be
limited by such factors as lengthy image acquisition timea, limited acoustic
viewing windows, a need for respiratory gating, and geometric assumptions
of LV shape.
We present a method forqulckly acquiring a 3D soan using a commercial
ultrasound scanner equipped with a magnetic position iooating device (As-
cension TechnologyFlock of Birds). Digital images are captured Continuously
while freely tilting, translating and/or rotating the probe. In four breath holds
of eight seconde each, complete scans from the perasternal (short and long
axis) and apical windows are obtained.
The digital image files are linked to their spatial coordinates and the
electrocardiogram. Object bordera are manually traced using custom soft-
ware that allows interactive 3D visualization and editing of the outiines. The
scanned objects are reconstructed using a piecewise-smooth subdivision
surface-fitting algorithm.
Phantom imaging indicates that the system accurately reproduces voiume
(true volume = 0.96 calculated volume+ 2.2 ml, # = 0.999, SEE= 1.0 ml,
n = 14 balloons) and shape (ITS distance of reconstructed eurface to ideal
eurface <1 mm, n = 3 cylinder). Initial scans in ten normal subjects indicate
that LV reconstructionsare feaaible in awake patients. Theee resuits suggest
that LVvolumeand ehapecan becaiculated accurateiyfrom images acquired
during rapid free scanning in vivo. With this technique, images are acquired
quickly from one or more acoustic windowe without respiratory gating, and
reconstruction of the LV are performed without geometric assumptions.
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R ManuaisndSemiautomated MeasurementofLefi
Ventricular Voiume Using Reai-Time, Three
Dimensional Echocardiography in Vivo
T. Ota. C,E, Fleishman. C. Ohazsma. G. Stetten. C. Lewis. D.D. Glower, .
T. Ryan, O,T.von Ramrn, J, Kisslo. Duke Univer&y Medical Cante<
Durham, NC, USA
Totest the hypotheses that Ieftventricular volume (VOL) could be calculated
.by real-time, thrae-dimensionai echoosrdiography (RT3D) and a semiauto-
mated border detection method (SEMI) waa possible, images from 9 closed
chested dogs were analyzed for end-systoiic volume (ESV), end-diastolic
volume (EDV), stroke volume (SV), and ejection fraction (EF) using the Duke
University RT3D device, The system uses a matrix phased array transducer
(2,5 MHz)to scan a65Qpyramidal volume at22vof/sand ailowsforcapture of
an entire cardiac oyc!e for later analysis. Myocardial contrast enhancement
was obtained by IA injection of 2% activated dodecafkroropentane. EDV
and ESV were determined by Manual (MAN) tracing of endocsrdial borders
from sequential inclined C-scans (parallel to the transducer face) 4 mm apart
from the kwped date using Simpson’e rule. SEMI VOL waa calculated on
the same images. Nearly simultaneous LVeingle plane angiograms (ANGIO)
